i P

NRL Memorandum Report 606 N

APPLICATION OF TACITRON RCA TYPE 6441
TO PULSE CIRCUITRY

Richard G. Cumings

RADAR DIVISION

June 8, 1956

APPROVED FOR PUBLIC
NAVAL RESEARCH LABORATORY  RELEASE - DISTRIBUTION
Washington, D.C. UNUM'TED

o



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
08 JUN 1956 2. REPORT TYPE 00-00-1956 to 00-00-1956
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Application of Tactitron RCA Type 6441 to Pulse Circuitry £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Resear ch L aboratory,4555 Overlook Ave REPORT NUMBER
SW,Washington,DC,20375

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR'’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE 32
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



ILLUSTRATIONS

FOR

NRL MEMORANDUM REPORT NO: 606

Aty



by

........

PLATE
ANODE
/ GRID
~
./ ) CATHODE

_GRID @

CATHODE -—/’@ A

644l
TACITRON

884
THYRATRON

Figure 1 - Element Arrangement of a Tacitron and a Thyratron
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Figure 2 - Dynamic Characteristic of Tacitron Type 6441
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Figure 3 - Firing and Cut-off Characteristics of Tacitron Type 6441
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I0-USEC INPUT PULSE
GRID OF 644l

OQUTPUT PULSE
PLATE OF 644l

Figure 5 - Negative Pulse Amplifier Waveforms Illustrating
10 Microsecond Operation

100-USEC INPUT PULSE

GRID OF 644l

OUTPUT PULSE
PLATE OF 644i

Figure 6 - Negative Pulse Amplifier Waveforms Illustrating
100 Microsecond Operation
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OUTPUT PULSE
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Figure 7 - Negative Pulse Amplifier Waveforms Illustrating
1000 Microsecond Operation

FIRST 40 MICROSECONDS OF 100
MICROSECOND OUTPUT OF
CATHODE FOLLOWER

WAVEFORM ACROSS TACITRON AT
SAME SWEEP RATE AS ABOVE

Figure 8 - Operation of the Tacitron with a Pulse Plate Supply Showing
- Tonization Delay
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t00- MU SEC INPUT PULSE

PULSE OQUTPUT, DUTY FACTOR:=1/20

PULSE OQUTPUT,DUTY FACTOR =1/10

PULSE OUTPUT, DUTY FACTOR =1/5

PULSE OUTPUT, DUTY FACTOR = 1/2

Figure 9 - The Output Waveform of a 100 Microsecond Input Pulse for
Various Duty Factors

I00-USEC INPUT PULSE AT GRID
R=10K§, c=0.1uf

OUTPUT PULSE
R=10KS, c=0.1uf

100-LSEC INPUT PULSE AT GRID
R=10K{l, c= 0.003I uf

OUTPUT PULSE
R=10K{, ¢=0.0031yf

Figure 10 - Output Waveforms with Variation of the Coupling Circuit
Time Constant
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NEGATIVE 100 USEG PULSE INPUT

POSITIVE PULSE OUTPUT WITHOUT R.F.
APPLIED TO THE CATHODE-GRID GIRCUIT

LR,
‘i'ﬁmualnilkiiunm T | SAME AS ABOVE WITH R.F. APPLIED TO
e mamm-h TN THE CATHODE-GRID CIRCUIT
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Figure 12 - Waveforms Showing the Effect of R.F, “Keep-Alive” Voltage
in Figure 11

I0~- USEC OUTPUT PULSE
OF CATHODE FOLLOWER

INPUT PULSE
GRID OF 644l

OUTPUT PULSE
PLATE OF 644l

Figure 13 - Positive Pulse Amplifier Waveforms with a 10 Microsecond
Input Pulse
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I00- UL SEC OUTPUT PULSE
OF CATHODE FOLLOWER

INPUT PULSE
GRID OF 644l

c=8ur

OUTPUT PULSE
PLATE -OF 644l

Figure 14 - Positive Pulse Amplifier Waveforms with a 100 Microsecond
Input Pulse and a Coupling Capacitor of 8 Microfarad

100-USEC OUTPUT PULSE
OF CATHODE FOLLOWER

INPUT PULSE
GRID OF 644l

C=0.1uf

OUTPUT PULSE
PLATE OF 644l

Figure 15 - Waveforms of Figure 14 with Reduced Coupling Capacity



1000 USEC OUTPUT PULSE
OF CATHODE FOLLOWER

INPUT PULSE AT GRID
OF 6441

OUTPUT PULSE AT PLATE
OF 644\

Figure 16 - Positive Pulse Amplifier Waveforms with a 1000 Microsecond
Input Pulse

POSITIVE 100 USEC PULSE INPUT
TO GRID OF 644!

NORMAL PULSE OUTPUT AT
PLATE OF 6441

L3
T N
I TAY

PULSE OUTPUT AT PLATE OF 6441i
WITH R.F. INJECTED AT THE CATHODE

Figure 17 - Operation of the Positive Pulse Amplifier with R.F. “Keep-Alive”
Voltage Applied from Grid to Cathode
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OUTPUT WAVEFORM
CATHODE OF 644
GROUNDED

Figure 19 - Waveforms for the Circuit in Figure 18 with the Cathode of the
6441 Connected to Position A

100- USEC INPUT PULSE
SCOPE SWEEP = 200 USEC

OSCILLATOR OQUTPUT
SCOPE SWEEP = 200U SEC

OSCILLATOR OUTPUT
SCOPE SWEEP = 20USEC

Figure 20 - Waveforms of the Pulsed Oscillator in Figure 18 with the 6441
Cathode Switch in Position B
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I00-U SEC OUTPUT PULSE
OF CATHODE FOLLOWER

INPUT PULSE
GRID OF 644l

MODULATOR PULSE
PLATE OF 644l

OSCILLATOR OUTPUT

OSCILLATOR OUTPUT
LEADING EDGE EXPANDED 10:1

Figure 24 - Waveforms of the Capacity Coupled Pulse Modulator in Figure 23,
Illustrating 2 100 Microsecond Pulse
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ABSTRACT

The application of a grid controlled gas discharge tube, tacitron, e

RCA Type 6441, to radar pulse amplifiers and modulators is examined.

The tacitron is found useful in some amplifier applications and one

method of extending the applications with external excitation is

described, As a modulator for a constant starting phase pulsed R.F.

oscillator of one type, the tacitron proves to be a useable tube.

As a pulse amplifier for pulse widths under 1,000 microseconds with

a very low percentage distortion or as a capacity modulator, it has

limited applications.

PROBLEM STATUS

This is an interim report on one phase of NRL Problem 53R02-23;
work is continuing.

AUTHORIZATION

NRL Problem 53R02-23
Project No. NR 682-230



INTRODUCTION

The tacitron is a wholly new concept in the field of thyratrons.
Ordinary thyratrons, conducting but biased for extinction, continue
to conduct until the plate voltage is reduced to zero or passes
through zero in the event of cyclic wave supply. The subject tube,
however, is fully grid controlled, that is, with positive plate supply
it can shut off plate current with an application of a negative bias
on the control gird. In addition to having an essentially zero cut-
off time, this developmental tube has the added feature of being
relatively free of the noise and OSEillations commonly observed with
conventional hot cathode gas tubes.

Military radar equipments have use for pulsing tubes in various
applications and pulse amplifier and pulse modulator circuits using
the tacitron were examined. These circuits were evaluated with a
practical approach ih mind rather than minutely analyzing the
theoretical operation of each mode of application. Thus, this
application report is not intended to be all inclusive, and though
many other uses may well exist, omission of them doés not pre-
clude such applications.

GENERAL DESCRIPTION

The tacitron is a thyratron of rather unique construction. The
grid, Figure 1, is so made that it forms a shield around both the
anode and cathode and separates the two by a wire mesh., Type 6441
has a 7=9 bulb and an octal base,

Except for its fully grid controlled, cut-off characteristics
the tacitron is analagous to the thyratron. The tacitron con-
figuration, by application of a negative bias to the grid, completely
surrounds the positive anode with a field of opposing polarity and
inhibits conduction. In addition, the negative grid with the
cathode conducts substantially as a gas diode until the tube is
deionized. Current is drawn from the source to effect this de-
ionization and it is in the order of 10 to 30 milliamperes depending

1 Radio Corporation of America, Harrison, N.J., "Preliminary and
Tentative Data", June 1954



on the magnitude of plate current to be extinguishéd. It is noted from -
the magnitude of these grid currents thalt a low impedance driving e
source is needed to operate the tacitron. In remote relay switching -

service, the use of a power supply or battery presents no problems,
If, however, a tacitron is to be pulse operated, then the driving
source should be a cathode follower or other low impedance source,

The tacitron type 6441 is capable of initiating or interrupting
a maximum conduction current of 100 milliamperes average with peaks
not in excess of 300 milliamperes., The maximum allowable plate volt-
age is 650 volts., Typical operating values for a 300 volt anode
supply are: =15 grid volts required to interrupt a plate current of
100 milliamperes, 30 milliamperes peak grid current, corresponding
cut—off time is 0.5 microsecond, and 60 microseconds required for
complete deionization.

PULSE AMPLIFIERS

Operating Characteristics

In operating the tacitron in grid control, one applies a
negative voltage to the grid of spproximately 0-20 volts D.,C. It
wzs noted that while one increases grid bias the plate current does
not fall to zero instantly, hence a dynamic range of control exists.
Measurements of this dynamic range of control were made for two values
of plate load resistance and these are shown in Figure 2, It is
noted on this figure when the tube has a cathode current of 90 milli-
amperes, (Rf, = 2.5 Ka., Eg = 0) that the dynamic range exists down

to 55 milliamperes at Eg = =9 volts, after which the plate current

falls off rapidly to zero. Even though the dynamic control range
measurements were made rapidly to offset the effect of large grid ion
currents, eventually the operation of tacitron, Serial No. 88, was
impaired. This was evidenced by a downward shift in control character-
istics from approximately -10 volits to =7.4 volts at 300 volts Ebb
and 50 milliamperes Ib and an increase in tube drop from 15 to 25
volts., Tacitron tube, Serial No. 189, was used to obtain most of the
measurements of this report and tubes, Serial Nos. 185 and 206 were
used to determine uniformity of results.



During conduction the tacitron can produce objectional noise if
certain precautions are not taken. The quantity however, is claimed
to be considerably less than that produced by a thyratron as long as
the peak noiseless current, recommended by the manufacturer, is not
exceeded. In the case of the Type 6441 tacitron, this value is 300
millamperes peak with maximum average current 100 milliamperes.

An estimate of the noise source capabilities was made by capacity
coupling a tacitron with a 100 millamperes average conduction to the
antenna terminals of a Collins 51J receiver and a Navy RBA receiver.
It was found that the noise spectrum existed at about 30 microvolts
level rather uniformly from 20 ke to 10 me, then fell gradually to
almost undiscernible magnitude at 30 me. Two tacitrons, however,
showed remarkably high output at 68 ke and 85 ke respectively with
harmonic areas of these frequencies readily detectable above the
background.

The cut-off and starting characteristics were determined for
various values of plate voltage and these are shown in Figure 3 for
two values of plate current. The shape of the curves and magnitude of
typical values agree substantially with that published by the manu-
facturer.

Negative Pulse Amplifier

The essential circuit features for this evaluation are shown in
Figure 4. A General Radio Unit Pulser was used to generate a pulse of
variable width and repetition rate. The load resistance, Ry, was chosen
to give a plate current of 50 milliamperes at approximately 250 volts.
Cg and Rg were chosen so as not to degrade the pulse widths under test.

The oscilloscope, a Dumont 323, has a calibrated sweep and vertical
input. The sweep accuracy is 5 percent of a major scale division or
1.25 percent of the total sweep, and the vertical calibration accuracy
is 5 percent overall,

The application of a negative pulse to the grid of the taeitron
produced varying results dependent on the pulse width. The pulse out-
put with a 10 microsecond input pulse had output pulse length distore
tion as shown in Figure 5., The trailing edge of the trigger pulse is
noted to be down to 25 percent of maximum in 0.5 microseconds, whereas
the output pulse was lengthened by l.5 microseconds in the time it




takes to fall to 25 percent of maximum, Actually the trailing edge [
did not even begin to fall until 1 microsecond from the same point
on the input waveform so the total distortion was 1 microsecond.

A 100 microsecond pulse observed under optimum conditions also
showed output pulse length distortion as shown by Figure 6. The
f£all time of the 100 microsecond trigger was observed to be less
than 1 microsecond. The corresponding output pulse fall time was
5 microseconds and had an additional length distortion of 10 micro-
seconds.

Figure 7 shows the pulse length distortion of a 1,000 miero-
second pulse. It was not easily discernmible, however, the lengthen-~
ing of the trailing edge was estimated to be approximately the same
as that observed for the 100 microsecond pulse. These observations
make the pulse length distortion only 1 percent for a 1,000 micro-
second pulse vhereas this figure is 15 percent for a 100 microsecond
pulse and 10 percent for a ten microsecond pulse. The leading edge
of the output pulse seems to be unaltered for all pulse lengths and
corresponds to that of the input pulse,

Examination of the delay in the occurrence of the trailing edge
of the output pulse showed the ionization time of the tube to be the
eritical factor. A 250 volt positive pulse from a very low impedance
source was applied to the tacitron with the grid and cathode common.
Under these conditions observation of the plate waveform, Figure 8,
shows the equivalent tacitron diode takes approximately 15 . seconds
before full conduction is achieved. This value is the same order of
magnitude as the length distortion for pulses in excess of 100
microseconds as discussed previously. The total deionization time
for the tacitron is specified as 60 microseconds. Hence, for pulse
lengths under 60 microseconds the time for complete reionization
should be less. This factor accounts for the smaller length dis-
tortion observed in the 10 microsecond case, Figure 5.

The output impedance of the amplifier as a voltage source,
Figure 4, was found to be essentially equal to current limiting
resister Rl. The output voltage (no load) was found to be close to
the power supply voltage with the tube drop constant at 15 volts
over a large range of plate currents, As the tacitron is essen-
tially an on or off device, the output voltage remained independent
of pulse width and pulse repetition rate and of input pulse ampli-
tude as long as it exceeded the current cut-off value, Figure 3.



The duty factor of the pulse does not affect the output wave shape -
over considerable range. TFigure 9 shows the 100 microsecond input pulse ol
and four duty factors of 1/20, 1/10, 1/5 and 1/2 respectively. —

A small variation in the coupling circuit time constant, consisting
of C_ and R, had no appreciable effect. However, if this time constant

is reduced sufficiently to allow differentiation, the output pulse re-
duces its length to nearly that of the input pulse, Under the letter
gonditions, distortion in the form of a small step on the trailing edge
is noted. Figure 10 illustrates input and output waveforms, one with
normal and one with reduced time constant.

In subsequent experiments involving pulsed oscillators it was dis-
covered that radio frequency had a "keep alive" effect on the ioniza-
tion time. To check the effeet of a "keep alive" R.F. Voltage on the
negative pulse amplifier, the circuit of Figure 11 was used. R.F.
energy was fed to a tuned circuit and the cathode of the tacitron
connected to a tap on the coil. A 100 microsecond negative input
pulse produced the waveforms seen in Figure 12. The pulse output
with the "keep alive" R.F. voltage has very little width distortion
as compared to the conventional operation.

ogiti Puls 1 if

A positive pulse amplifier circuit was examined, one similar to the
negative version, Figure 4. A fixed negative grid bias was applied but
was found not to be essential if grid current and Ry developed the pro-
per operation bias, The input consisted of a positive pulse derived
from a Ceneral Fadio Unit Pulser coupled capacitively through a cathode
follower to the grid of the tacitron.

A 10 microsecond input pulse produced an output pulse severely dis—
torted in shape and length. As shown by Figure 13, the output waveform,
taken at the plate of the tacitron, rises negatively for the entire pulse
length, never quite reaching the maximum pulse amplitude. The trailing
edge falls off exponentially for 5 microseconds.

A 100 microsecond input pulse produced an output pulse significantly
distorted only at the leading edge, as illustrated by Figure 14, This
distortion appears to be of the same order of magnitude as the ioniza-
tion time, approximately 20 microseconds., Of hote with this type of
operation, the effect of the grid input circuit is very pronounced.



A low impedance cathode follower was requisite and the coupling capac¢itor
was in the order of & microfarads. Use of a coupling capacitor of 0.1
microfarad resulted in the distorted effect on the input pulse in

Figure 15,

As in the 100 microsecond pulse operation the 1,000 microsecond
input pulse produced little distortion other than that of the lead-
ing edge, equivalent %6 the ionization time approximately, Figure 16
i1lustrates the 1,000 microsecond pulse operation.

Radio frequency "keep alive" voltage introduced in the grid - cath-
ode circuit reduced the ionization time as in the negative pulse amp-
lifier. Figure 17 shows the normal operation without "keep alive" volt-
age and operation with "keep alive" voltage added to the grid -~ cathode
circuit in the same mamner as shown in Figure 1l. The leading edge has
very little distortion, however, unwanted R.F. appears in the output.

It is possible that with the addition of a "keep alive" electrode to
the tube, the aforementioned objection would be overcome if direct
potential would suffice.

PULSE MODULATORS

Plate Loading Modulator

The ability of the tacitron to pass considerable plate current lends
itself readily to circuits involving the control of continuous oscilla-
tions. The tacitron has a plate resistance of 300 ohms at 50 milli-
amperes plate current and a filament dissipation of 3.78 watts. A com-
parable low impedance vacuum tube such as the 6AS7-G requires much more
mounting space and has a filament dissipation of 15,75 watts. In addi-
tion, to completely interrupt a current of 50 milliamperes the 6AS7-G
requires a pulse input of 150 volts as compared to approximately 9 volts
for the tacitron, Type 6441. The tube was used in a plate loading modu-
lator circuit, as shown in Figure 18, with a2 nominal R.F. frequency of
7 megacycles and repetition rate of 500 cycles per second. In the first
trial of this circuit the cathode of the 6441 was grounded with the
result shown in Figure 19, where it is noted that the low voltage drop
across the tube was not enough to completely dampen oscillations be-
tween pulses.
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Connection of the cathode to the cathode tap of the oscillator L=
or a turn or two higher, Figure 18, results in the waveform, Figure
20, The output waveform obtained is excellent with rise and fall
positions agreeing with that of the input pulse. Rise time of the
input 100 microsecond pulse was 0,5 microseconds and that of the
output pulse 1 microsecond. The tacitron, Figure 18, is connected
on the lower section of the tank coil, hence, it has only small
effect on the frequency of the R.F. In addition, the plate current
from the tacitron is in the proper direction to promote fast build
up and decay of oscillations, hence, better starting phase is in-
sured. Excellent coherence and phase stability were noted. Exami-
mation of successive pulses by a multiple exposure camera picture
revealed no erratic starting phase. In addition, the output pulse
appeared to have constant R.F. phase at the trailing edge also.
Figure 21 shows the expansion of this trailing edge. Examination
of other pulse widths and rise times showed comparable operation.
The rise time of the output pulse remained approximately 1 micro-
second regardless of pulse width. When the rise time at the grid
exceeded 1 microsecond, the output pulse follows the shape of the
modulating pulse,

The modulator waveform shows very little trailing edge dis-
tortion of the output pulse as compared to the negative pulse amp-
lifier. Radio frequency existing between cathode and grid of the
tacitron apparently prevents complete deionization., If an R.F.
choke is inserted in the cathode lead of the tacitron then the
trailing edge distortion is present in the modulator as seen by
Figure 22,

Plate Coupled Modulator

A 7 Mc Hartley oscillator was comnected such that its plate
voltage was a pulse capacitively coupled from the 6441 as shown
by Figure 23. 1In this arrangement the input pulse used was 100
microseconds long at 500 cycles repetition rate., The corresponding
output pulse was distorted by extended pulse length and slow rise
and fall times as was the case in the pulse amplifier. Figure 24
shows the modulation input, the grid waveform, plate waveform and
two views of the output pulse, the lower being at 1/10 the sweep
time of the upper trace. As can be seen from Figure 24, this type



of operation is not recommended when exact synchronization and pre- e
cise pulse length are desired. Also, the starting phase was not
constant due to the rather slow build up of oscillations. Other
variations of this ecircuit such as introducing the pulse in the
grid and cathode circuits were tried but with the same resulis as
in Figure 24.

CONCLUSIONS

In conculsion, it is found that negative pulse input operation
of the tacitron introduces distortion of the output pulse in the
form of trailing edge lengthening of 15 to 20 microseconds. For
operation with a small percentage distortion, pulse widths over
1,000 microseconds could be amplified. Where the leading edge is
the principal consideration and the rise time of the input pulse is
greater than 0.5 microsecond the tacitron is useable for this opera-
tion. Injection of a "keep alive" voltage either in the circuitry
or possibly through modification of the tube by inserting a special
electrode is indicated as a method of overcoming the ionization
delay and reducing the accompanying pulse width distortion.

Positive pulse input operation distorted the leading edge of
the output pulse by the amount of the ionization time. For opera-
tion in which a leading edge delay is not important the tacitron
could be used. At pulse widths above 1,000 microseconds, the per=—
centage distortion is found to be small, "Keep alive" voltage in-
jection is found to be effective in reducing distortion to a negli-
gible degree.

The tacitron is found to be useful in a modulator of the plate
loading type. Godd pulse shape, constant starting phase and coher-
ence throughout the R.F. pulse are noted. Operation with small
pulse widths is limited by the .5 microsecond minimum cut-off time,
As a plate coupled modulator, the tacitron has limited applications.
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